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(54) ADAPTIVE WAVEFORM EQUALIZER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce square 
difference between a reference signal and an output 
level by calculating optimum number of taps and tap 
coefficient from the delay of the reflected wave of an 
input signal so as to change a digital filter to the 
optimum number of taps. 

SOLUTION: A delay calculation part 24 calculates the 
delay quantity of the reflected wave of the input signal 
from the input signal inputted to an input terminal 1 1 and 
the reference signal inputted to an input terminal 21. An 
optimum number of taps calculation part 25 calculates 
the optimal number of taps responding to the input 
signal from the delay quantity of the reflected wave of 
the calculated input signal and sends information on the 
optimum number of taps. Thereby a variable digital filter 
part 22 switches the number of the taps of the digital 
filter to the optimum number of taps and a waveform- 
equalized algorithm part 23 calculates the tap coefficient 
of the optimum number of taps and writes the tap 

coefficient in the variable digital filter part 22. Consequently the input signal is waveform- 
equalized by the optimum number of taps to reduce the square difference between the 
reference signal and the output level of the digital filter. 
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fi^-^'M^ij^A^ mnzmm? »/ t^l^ ^793 

3\,zft^ixh. — A7ji£^3 lfrt>mm? yT$l. 

commtfrnm? -y T^st-fe v 9 9 3 3 (~*r t r a* ? n. 

6. mM9y7^L^V9 9 3 3U. ^cr>tti^Jcr,tzMzm 

m-th c r4 n?)V7 4)v-?*&m?y7*m.<r>'(tmi<zftm 

LXty<omz_& Jt 0 iZttzCL tlz£*) . ^ 1 £rr4is9fV 

? 4)v?*mm-h. 

[0040]it. 03 $r#BB tT . 0 1 IcmfSI&T 

4 : J9)V7 4 )V9U2 2<r>mm%ffi!&(?)m<?>miz'?\,^x 
mw-tz. 03ict>^r. 1 1 itmmitmzttt&x 
#a§^ 3 utmm? •y-rmnftm^oxjusfr. 1 
2 amx^ , 41 litz/D . y ? (c^sij Liewtcsaa 

LfcT^ l?9fr-7 4MT* 3 3\iS&9 yTWMV 9 9 

xh$>. 

[0041]»:(;, 13 £#Hg LT . *»3&»4TOr -f ^ 

1 1 3^&KH£^3ftj£ft«tW>-r -f : J9iV7 4 
WtzMLXJim^&XJjZtl. #tm i?9)V7 4)V9 
<Diilj}frhmm9 yT%L-tl'9 9 3 3lzmWtZtlZ>. - 
-fi. ATjatTf 3 1 ti*hmm9 y7~®.cMWfi93&9 -/7 
m-bU?9 3 3lzttLXXjjZtl$>. mm9 y7^L*:U 
9933XM, %<r>m&9 yTmzfctX . •£W£'t 4 
is9)V7 4/U9^MtKL. Mm9 yyWL-tU7 9 3 3X' 

I 0 0 4 2 ] ifctC, 04 £#!?3LT, 0 1 tC^SS^ 
tUge2 4c^|¥JB^^;cr>— CTico^T^h^-i,. ^ 4 



fcuswc. 1 1 {±^^sijc^-r& A^m-^-^A^-r 

MM9 -y7W&£U2 5lzftjj^Z>ftjj3%=?. . 52IZ 

5 3&Axm^-<?)%MM<r)MmaL£niii-t&mma. 
&&&x'h&. 

[0043] 04 5:#!SLT. *^SiiMS[ajlS5 

2 4<7)t(,^{couTSiHs-rs. x-n^x i&t> 
mzmmizttTS-hxiim^tfxxzixh. zlx. a 
^«^2 lws^m^A^^ixs. -ec9 2otfo(t^ 

t±04(^-r < i:d(;. S®KtligP2 4«l^^ajgS5 2 
KA^ix. -eciT''?-n^2ocofi^-<7)^}j v -*mtfi$ix 
6. -e^^(iSM*»ffia55 3fc:A*$^. «®»» 

5 3izt3^xm-<ox-z%®Mzxj}m^<o%Mm 
tffrtEt&tmmLx. 5utm(Vims.$:mftLxftj) 

[0044] mz. 0 5 z^mtx . 0 1 
aigP2 4^pw^^fti!^j(co^TSiHj-rs. . 0 

5 (wfc v vc , 6 i <i^^^ft;r;p 3' u xz,gp 2 3K« 

^ •y7*«iS:^ff?g$:A^-f-i.A*«^. 5 KigfflLfe 

ai**?, 6 2ti^ y ymi<mci\Ai%ft-th 9 77 
&wmmM.ftuxhh. 

[0045] OT. 0 5 L T . *>*^S31»:aige 
2 4«0U^(CO^Tl^B>]-n». ^-T, jft^^tflOATJ 
fl-^S-^x i>9)V7 4 1V9U 2 2 tffl&mtTtl>* 

v xj±u 2 3 xm^tu-zmmimi,zii^xmmmiw 
zwrr^-h. -feurmtk (mzmfemzfcub&imitt: 

< , #^ri.^li: LT, *SI8ft0^ffiT'(i, 2 0 0 0f- 
^jffi©f*gJSS-ffl^/i) tc. ^•yT^Scc0fSfg2r&^ 
•f tTfUzf V XASC 2 3K^7 rflgt^gS 6 2 tcATJ 
LT^-y7"^$:l£m-r^ 0 ^LT. 9 •yT^gci^gP 

6 2 t-^ y r^co^-fb*^SLm-r«. . a@4maigs 5 

3(c*3^Tti. ^ •yr^SfcO^-fta^AI'V^ yTtfOfi 

mm<rmmm.zm.ft-?&. 

[0046] JSLhlffia Lfe i 3 tc . *m&<7)Bmiz iix 

if. wmfc&izm-$>xjjm^tmmm^tiz±'>x 
x^m^-<r>mm<7mm^M.ft-rhmm%tii3t . atj 

fi^Slt*<y^l®{C«k-oTA7Jfl^ft^^ -yTSc^ 
»Hi-f-S«31^ yTm^aigSfc. Sji^ yT^T-*^' 

•y rgtco^^bryp ^ y XAg? i ^ s<t s ^ t iz «t o 
■c, ^^-(t;^{cstn,A^fi^^uTSa^^ y7- 

cy^fttiXy^.A^hf 4 V9)Vy 4)V9<nft-nv^jvb 

[0047] tmxofH2<?>9m<7)Bm) vcr. me s- 
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[0048] 4fc. 12«±tB*S^, 1Z\i9~>?m: 

tmm? y7®k zm^x?-y7mmmiiv%c?>? -y 

T/l^ U XAg&, 2 5 liA^fi-^Rtf&^S?!* 1 4> A 

maiSST-j) 0 . j-xwaa 1 t mm* *> <o-cj> & . 

[ 0 0 4 9 ] H 6 tc^-f^f&BHcogs 2 <7)^SfeO»«(C*J 

(4. g®3taj^2 4£«ffl-£-rt;:. m&mtm^xTj 

h D / U imtHU 7 2 i: XT) fl^O D / U Jt#> fe«6SfS: 
* -y T3R*»mr y XffcgftSB 7 3 i: Sr^ffl L 

tzztx-hz. 

[00 5 0] 065r#ogLT. *^co^2(7)^ 

jfeco®«^fc ft h mmmmm<^mmz^ ^x mm 

A^fi^<iD/Uifc»aja57 2HA^?iX^. D/UJt 
^aigB7 2^*3V^T. -e^A^Jfi^D/UittiiJ:^ 

[00 5 1] 
[&5] 

D/U=20 • log.ol X. / (x-d) I 
[0052] -?-OD/Uit<7)ffifS?r^^ y :?°£J3taigB 

z<m? yyfmmgn 3x-n#r?h. mm?-yy$m 

X&2 5X1,3.. &m? -yTrntm. i!f?77li:T, 

yynimzck-f&t. mm?-yy°mmte 

[0053] 
[S6] 

m= c 4-T 

[0054]fiS^ •y7°§mih&2 5iZti^xmM? -y 

mmzx^xm&mWigsSLZirih* ^mM<rmmi,za 

^Xi>. W£t< iSf/l^y 4 tU?&2 20)ffif&.l±m2R 

x/m 3 iz^k Ltz t cr>t mm.x'$> h . 
[0055] vxtommcox o tc, ^mmmizxttis. 



^^^•y7^St*^^g^ y7ia^ai^.&giS 
^-yr&itajgBi:. SSI? 'y^Wk^^fr 4 

tatts £ fc <t -> t . t»B«tfap^A*ffi*fc**ar 

? y :/^T«^b£ o £ i: ifiX'tf . K*fl^?>» 

[0056] iwmm3<omm<mm^ ar. mi* 
#h§lt. *w>ncom3co9m.<7)Bmiz}3if&mm%i& 
mmt^commz^^xmmth . m7ii*mi<r>m3 
<nmm<mmiz*>nh m^mmmm<^m^^ty 
uyfmxhho muza^x. 1 ummmm^zfi 

jutt-t&mmm^zxjj-f&xjjvfr?; 1 2ititi^ 

2 sizxTjm^nzMi&immfr^xJim^izfcttim. 
m%?yTmzn\^hE&?yy^£.\mx'b'>x. 
a±am i <r>m&L knw.%i><?>x'foh. 
[0057] mi ^^w^w.3<^mm<^mmizi5 

(4. ■< ~J9)Vy ;I^^IS2 2<7)ftb 0 ^ii^cor 

rf 'J X-t.g5 2 3 (7)ft^ 0 ^ 7 7l^fflV^f-(y 
mmtTJUd? V 8 2 SrflyB L £ t T'$> S . 

[0058] &<z. miz^mtx. *3kw<r)m3<r>m 
mn&mzisv t mmsmmmt^mmz^x mm 
■th. A^s^i i fr^<r>mzm\3sizm~hx 
Km^tx^^2ifr^<rmmm*irki l zzi o±fB*i% 
mcr>w> i <7)mmw&mizi5ii$> t Pi«^i!i^2:s®»a3 
2 4 m/mm? y rsc^aigp 2 5 -c-ff v v a^^<^ 
^^•yr^^mm-r-s.. »e&jp^kr/u^ux^ 

8 2ii^-<7)fi^^ •yrgtctetT^^tir/Pd'UXA 

$r^•r&C:i:^cJ:•?, y* 4i?9)Vy 4)V9\Z.mfc$h 

9 >y78®& 1 £tX , -r-f <r;l-^SP8 1 fcJSJC 
^S»*^k;T;^^UX^gP8 2t(^J: , ), ft^-y^K 

[00 59] UT, !28S.tX09 2:#BBL-C, 07^ 

v^raw*. ar. 08cowcfcv%T. 9 lt^gji^ 

•y^S»ai^2 SfrhOXTii&f-. 9 2\iir 4 Isffry 
<f/l^»8 l'SOdtfJ**. 9 3(4ft3g^ y7llWfSSr 
gltT. •fey^-^ yr^SSr»ai-rS-fe>'^-^ y 
T»it5gP, 23MX-h^k^n^k^y9-^yX 
<n®Mk zm^xZcD-ty?-? yy°<?>tiimi,z*ifc-?& 
^ y ym&.z&iz-?& m&mtriv^ v x^x-h h . 

[0060] ll8&#g8LT, @8<50W{3*>tt& 

mma&&itT>\> ^ >j x asb 8 2 oifrfm-? 1 a B #r 

4-T. ^^ y7-Sflcaig52 5A^^®^ y^ 



(8) 

ffimZAJli®? 9 lA^ATJU *>9~9 yTgaiSP 

CDag^aj-rS. Wfr-? 4^90)9 v7Q& 

r^tSrmi:-ri>fc, -feV^- * y T^&S c JiifcrS CIS 
7} tiOSft^iii. 

[0061] 

[&7] 

c = N - ra 

[00 6 2] iOidKLT^^^-^-yTCDft 
-b >- ? - 9 y ro&M c fcgiJE LKimmtTfr^ V X 

a tmmvcriv zf >j xasp 2 3 -ens l . wci&jE 

Ufc* 4 -J9)V? 4 /U9M& 1 l>~\tift LT 

SiS? -y 7^cfc^t^*^tf o Xoiz LfzZ k lz£ 

; ?4 i J9)V7 4)V9m& i ta^^^bT^d-y 
XAgp82fctcj;oT. wm9 v7wazfcktzmw%Wi 

[00 6 3] Mfc. @9S:#H3tT. l29<DWC:mt& 
jfiJfcifcJ^bTVl' ^ 'J XAg? 8 2 ^pffl^rfil^Jt-Ol ^ 
09tci>^T. 9 U£MM9 •vy°3m&& 
2 5*>A,«AMf, 9 2li-f-f^^^-f^^gB8 1 

^ma*^ i o i imm9 y-rm.mmz'girzmm 
-t&#Wtf%^9 v T®.*%\£t&-*m9 -y r&irm 

38. 2 3(±A^ft^-tai*«^fc^^-y7fScffi^h2r 
[0 0 64] 09£#B§LT. 09<7)W;:im& 

cr>mm9 y-mmWi*x-ftL. ^m9yy$m.&&i o 

mtb-T-S. T-f ^'^^-f^^O^-yrScSrN, gjg? 

•/Tl^m, ^:?yT»£ 1 k-T&k. ^9 yXS 

UiifciS. CR8} KJzD^tfxbftS. 

[0065] 

[R8] 

i =N-ra 

[00 6 6] Zcr>£o£LX?£tr>t.z^m9 y-r&.\ 0~M 

m^mmitTi^^ xM.u23i,zm r ) . ^m9yy<r> 
®Mz&fflmzo<?mzB5£?&wmfcT/i>-iv xa 
zm&mtTH-zfvxj*^ 3-cm. -e-itnajisL 
tz9 ■yy^^'f 4 i^'9iuy 4/1-9^8 nzm^txm. 
m9 rwnzn&vtztm zn? x^izttzzkizx 

r 4)V9^.s i tmmmmrn^tr^zfv 
xj*®8 2tiz£-?x, m&9 yymzm^tzmmtcm 

[0067] VXk<?>£ 5 tc. *H66W: iixfcf . 

•fkS^A^n^c J: -> r ATjfi^MSis-sm-r si 



<r>mm9 •y7WL*n.&-tz>m&9 •yy°$mx&k . «a 
9)w <tv9wn9 -yTSc^^is-rs»e^^Hbr;u 

/U-fcx-f ¥9)^ 4 )V9<T>\&ftl>'<s)l><?>Z3m&.t:A-<Z 
<^hz\ktfX'Zh. 

[0068] tmxr>m4 <r>mm<omm'} ot, aio 
ss^tts v ^x tsmt aio «*^bjw 
t7"D7^itj>5. iai otcfcwt. ii«$ag#fc 

2§tC*«-SA73ft^&A7J-rSA7J^. 7UJD/U 
Jt^aj^d^S^Bee-^&A^&AJjtt?. 1 2(± 

■y~rm.^m^^X'r4 : J9tl'y 4)U9^cr>9 y7^L^^X 

-r&xdiz LfzmmmezMtT^v x^gps 2-e& 

So 

[0069] KLh(i07lc^-r^BJ^3<y)miS<7)^® 
tcoti. H6(ciS-r%0J^2<7)|IMcy)^®trt5ttsra 

wmiti® 2 4 zwaitr. D/uj^ta 

gP7 2au f ^^-yTgt®:ai^7 3 Srftffl LtzZ kX'h 
S„ S!o-C, D/UJtmtli^7 2%XS<£m9 yTmMiti 
S7 3I1 m2<7)SySO0S-CSi B Jt^l*l^fc|si« 3 5rtt 
f^Sr^TW ^ftH^T'u 07^-r*^coS5 

3 cDmmn&Bx-mw Ltznm-k mwtcmw*'4T ozk 
kz^xmmmt^nm-^zkipx'^ t . mz. zti 

[0070] vxt. mmLtzx o <,z*9mc7>&miz£ti 

a. m^m^coA^m^kmrnm^kizx-yxxi} 

m^<r>D/Vit$:»lii-t$>D/Uimiii&k . A7Jft^ 

coD/ujt*^;£^^ •yy^ckn^-thiSm9 y-rm. 

»m9 yTWniiiUk. m.m9 yzrWLtm^Xr 4 i?9 

)W 4 )V9<n9 yy^Z^^&W&mtTfrcroxj* 
&k. ii^cox-f : J9ivy <)V9 t^tSttSdtlcio 
t, ^#-fb25^A7Jfl^{=SM^r^-y7^tT-«^ 

ktfX'Zh. 
[007 1] 

i$m<rm%ki *%LWi,z£&mmmwamHt%3i±. vxt 
mwLtzx?izmf8.L. i&mmt2sizm-&Aijmm)> 
L>AJim^<7)zutm<vmm£mm»iii®x'W.iii l.jis 

maiSBT^y>3tA^fi^Rlt&«?)5S®*^A^fl-^ic 
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[ 0 9 ] 0 7 [z^wmmm\tT)\s3 y xAgBopM 

^jS^^^-T^n -y ?0 

[01 0] *l6BH<7)^4iO||ilfetfO®®tctJ(t?.®^5M^ 
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[011] «*<0»^|l3B^HWBkO«j««*^^o 
•y?0 

1 1 



$iicl£Sg|I]S& 

nJ^T^ 4)\s-9%g> 

t/Zo -/ 9 (C^-giJ 4 i?7)Vy 4 )V9 
A^SB 1 



1 2 
1 3 
14 
1 5 

1 6 

2 1 
22 
23 
24 

2 5 

3 1 
32 
33 

4 1 

5 1 
52 

5 3 

6 1 

6 2 

7 1 
72 
73 

8 1 
82 

9 1 
9 2 

9 3 

10 1 
13 1 

132 m»%* 
1 3 3 man 



1 1 



V 



[02] 

22 •t>St&<=J9to->^*^9» 



— rE 

• * • i 1 — 



r* ?9*V?4*9 



7 4 *J9*V?4*9 



4 29*7 4*9 



3 1 



2 mVaff>5*4 29*7 4*9 



7 



1 2 



1 1 



5 



[03] 

--22 4 i***? 4**99 



t< 99* 
74*9 



T4 99* 
•74*9 



T4 99 * 
74*9 



33 



J 



n 

ma 



3 1 

AASFP ^ * 1 W?n<*9lz.9t9V,1z'?4V9ttr>4*9 



(10) 



#^F9-4 6 27 5 



1 1 AAiSrF 



n 



mm 



[01] 



2 2 



2 4 



t 2 



2 3 



2 5 



2 1 A^JgRF («*£^> 



1 1 A±sg^ r 

^ 



5 2 



[04] 
5 3 



L 



2 4 ailfflSf 



2 1 A^SinP l- 









— » 



7 



5 1 



[15] 



6 1 AjjiSF? r 

i 



v&mmt 



2 4 jl&JTfflSP 









— » 



7? 



i 



5 



su:»j) 1 -» (sa^^^a 



(11) 



^9-46275 



[06] 



1 1 AJj*#=F 

I 



2 2 



r 



L 



7 2 



H D/Uit 



7 1 A^SST 



7 3 



atfss? 



1 2 




2 3 



2 5 



[07] 



i i At>m=¥- 

i — 




* 



if 



2 4 



2 5 



2 1 A^jSb^ 



(12) 



#S¥9-46275 



[08] 



r 



9 1 A^J^f 



L. fJJ^ 



9 3 



■by*-* <yZf 



9 2 



us&trv-m L ' 

sffi^y) (twv^ji^ -flag's) 



[09] 



1 0 1 

! 



8 2 JSJC^H<t7^ifUXASP 
2 3 



9 1 A^)4arf- | 



— -f-—~. 



7? 



i 9 2 
1 



[HI 0] 



1 1 A*«^F 

I 



r 



D/Utt 



7 1 A^ianf 



8 1 



8 2 



T 3 



2 5 



1 2 




( 13) 



#if9-46275 



I 3 \-^>X'<-Wy4)lr$> 




1 4 





< 




4 











(51) Int. CI . 6 

H 0 4 N 7/52 



F I 

H 0 4 N 7/137 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

Sj BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□fpADED TEXT OR DRAWING 

g/blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

□ lines or marks on original document 

w reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



